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gases, if calculated at temperatures not too close to the maximum 
temperature of saturation, 

II. ^^ On a New Method of Approximation applicable to Elliptic 
and Ultra-elliptic Functions/^ — Second Memoir. By Charles 
W. Merrifield^ Esq. Communicated by William Spottis- 
wooDE, Esq., F.R.S. Received March 20, 1862. 

(Abstract.) 

Since my first memoir on this subject was read before the Society 

in May 1860, Mr. Sylvester has published a method, more general 

than mine, of applying rational approximation to facilitate the com- 

putation of the integrals of irrational functions. His process, at 

which he had arrived independently, included, a majoriy the one which 

was the subject of my memoir. Aided by his papers, my subsequent 

studies have enabled me to view the method with more generality, as 

well as with more precision and completeness of detail, and I am 

now able to present it in a sufficiently finished and practical shape 

for the immediate use of the computer. I append auxiliary Tables 

to facilitate its use in certain cases. 

I begin with the common radical form, starting from Mr. Sylves- 
ter's definition of the approximants. Then decomposing the ap- 
proximant into partial fractions by means of the roots of unity, and 
increasing; indefinitelv the number of these fractions, I show that the 
method is in reality the application of quadratures to a definite integral 
which is substituted for the surd. The application of the process to 
integration in like manner rests on the substitution, for the single 
indefinite integral, of a double integral, definite in respect of one 
variable, and indefinite for the other. The form of this double integral 
is such that the indefinite integration can be performed directly ; and 
the application of quadratures to the definite one is facilitated by a 

peculiar property of functions of the form -^ ,-~~, namely, that 

^ ^ ^ -> l-hr^sm^^ -^ 

the quadrature does not require the use of differences, but is obtained 
simply from the mean of the ordinates. Legendre had previously 
noticed and discussed this peculiarity, which is best illustrated by 
effecting the quadrature by differential coefficients instead of differ- 
ences. It will be found that these coefficients (which are all of odd 
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order) eacli involve in tlieir numerator the term sin ^ . cos (j)^ whicli 
vanishes at both the limits and 90 degrees. It is this feature 
which gives success to the method. 

In a second section I have given with some detail the mode of 
effecting the actual computation of elliptic functions by this means, 
I have given several formulae for using trigonometrical tables with the 
exactness which these calculations require, and I think they will be 
found handier for the purpose than those usually given in the books i 
at all events I find them so myself. Some of them are my own, and 
some are taken, with more or less modification, from Legendre. 

In a third section I have stated what has been done with a view 
to the extension of the method to radicals of a higher index than the 
square, and to a certain class of differential equations. 

It should be understood that these processes only enable us to find 
the integral from the amplitude. They do not enable us to find the 
amplitude, modulus, or parameter from a given value of the integral. 
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^ajor-General SABINE^ President^ in the Chair, 

The Bakerian Lecture was delivered by Warren De 
LA EuE_, Esq.^j F.R.So^ ^^ On the Total Solar Eclipse of July 
18th^ 1860^ observed at Rivabellosa^ near Miranda de Ebro^ in 
Spain."*^ 

The Lecturer gave an account of the more interesting phenomena 
of the eclipse, and of the methods employed in observing and 
recording them ; the details of his observations being given in an 
elaborate Paper bearing the above title. The Lecture was illustrated 
by a great number of diagrams and models,. The photographic 
images of the echpse v/ere projected on a screen bv means of the 
electric lamp, and some of the more striking phenomena vrere imi- 
tated hj apparatus contrived for that purpose. 

The follov4^ing is an abstract of the Paper i-— 

The author, for some time previous to the organization of the 
Astronomer EoyaFs expedition to Spain, had contemplated making 
an attempt to photograph the phenomena of the total eclipse of 



